This study was designed to investigate clenbuterol, salbutamol, and ractopamine concentrations in fresh meat products. A total of 801 samples of ribs, loin, and internal organs of pigs, cattle, and lamb were collected from retail and wholesale markets in nine districts of Jilin Province, Northeast China. The three β-agonists were analyzed by LC-MS/MS. Results showed that 11.36% of the samples contained prohibited β-agonists. Detection rates of β-agonists decreased in the following order: Clenbuterol (6.37%) > Ractopamine (2.62%) > Salbutamol (2.37%). The β-agonists levels were higher for pork than for beef and lamb. The detection rate of meat products decreased in the following order: pork loin (28.72%) > pork ribs (24.72%) > pork internal organs (20.24%) > beef loin (6.67%) > beef internal organs (6.19%) > beef ribs (5.00%) > lamb internal organs (3.45%) > lamb ribs (3.41%) > lamb loin (3.26%). Only one β-agonists was detected per sample. On the surface of our research, the amount β-agonists of added to fresh meat products in Jilin Province of China is relatively safe.
Introduction
Meat constituted a major part of the human diet, which contribute to human's required nutrients, protein, fat, various inorganic salts, and vitamins. [1] Farm animal farming is the main source of human access to meat. Clenbuterol, salbutamol, and ractopamine are several common β-agonists that are often used to promote or improve feed efficiency and achieve higher muscle to fat ratios in farm animals. [2, 3] Consumption of meat products containing β-agonists may pose a potential risk to consumer health. [4] Since 1990, numerous incidences of acute food poisoning resulting from the consumption of β-agonists contaminated meat have been reported. [4] [5] [6] [7] Ingestion of foods containing β-agonists can have serious adverse effects, such as food poisoning [4] [5] [6] [7] [8] [9] , cardiovascular and central nervous diseases. [10, 11] In addition, studies of surface long-acting β-agonists may increase the risk of acute attacks of fatal and non-fatal asthma. [11] In many countries, including European Union countries [12] and China [13] , these drugs have been banned due to their potential health risks to the human body.
Currently, meat is the main route of exposure of β-agonists to the human body. [14] Ensuring the safety of fresh meat products remains a huge challenge as illegal veterinary drugs such as β-agonists are detected in meat. Therefore, detecting β-agonists in fresh meat products is important to ensure food safety.
Various analytical methods based on LC-MS [14] [15] [16] [17] [18] [19] [20] , GC-MS [21, 22] , internal extractive electrospray ionization-mass spectrometry (iEESI-MS) [23, 24] , capillary electrophoresis with electrochemical detection [25] and immunoassay (EIA) [16, [26] [27] [28] are available for the detection of β-agonists. Since LC-MS/MS can rapidly and accurately quantify β-agonists in meat products [29] , we used LC-MS/MS to detect β-agonists in meat products. Clenbuterol, ractopamine, and salbutamol were selected as target analytes because they are the most commonly used β-agonists. [9] Jilin Province, located in the central part of Northeast China and the geographical center of Northeast Asia, has a temperate continental monsoon climate with a permanent population of about 27.53 million. Due to the long and cold winters in northern China, people in Jilin Province need to eat meat to keep out the cold. In 2017, the consumption of meat products in Jilin Province was 19.5 kg per capita, including 16.7 kg of pork, 0.9 kg of beef, 0.4 kg of mutton and 1.5 kg of other. [30] Therefore, the purpose of this study was to determine the levels of three β-agonists, clenbuterol, ractopamine, and salbutamol, in 801 samples from pig, beef, and mutton by LC-MS/MS.
Materials and methods

Chemicals and materials
Standard chemicals (three substances) were purchased from Dr. Ehrenstofer (Augsburg, Germany). Clenbuterol, ractopamine, and salbutamol were dissolved in 50% methanol to a concentration of 100 mg/L. Standard solutions were stored at −20°C when not in use. Mixture of standards for calibration curves and recovery tests were performed using these stock solutions. β-Glucoronidase/arylsulfatase, methanol (HPLC grade) and isopropanol (HPLC grade for liquid chromatography) were provided by Merck (Darmstadt, Germany). Acetonitrile (HPLC grade) was obtained from Labscan (Madrid, Spain) and dichloromethane was provided by BDH (Barcelona, Spain). Ethyl acetate (HPLC grade), Sodium acetate (HPLC grade), Acetic acid (HPLC grade), Perchloric acid (ACS reagent, 70%), Sodium hydroxide (ACS reagent, ≥97.0%), Ammonia solution, Sodium chloride, and Formic acid were provided by Sigma (Madrid, Spain). Sample extraction and clean-up were carried out with Oasis MCX-small SPE cartridges (60 mg/ 3 mL) from Waters (Massachusetts, USA).
Sample preparation
Sampling was performed from June 2017 to July 2018 in nine cities in Jilin Province, Northeast China. A total of 801 samples of ribs, loin, and internal organs of pigs, cattle, and lamb were collected from retail and wholesale markets in nine cities of Jilin Province (Table S1 ). All samples were harvested at various aquaculture farms from different cities and were transported to markets through intermediaries. We purchased and transported these samples to our laboratory within 6 h. The edible tissues (muscle and skin) were chopped and kept frozen in plastic bags at a set storage temperature (−20°C).
Sample extraction was performed according to standard procedures within 3 days after sample collection. [31] Eight milliliters of sodium acetate buffer (0.2 M, pH 5.2) and 50 μL of βglucuronidase/arylsulfatase were added to a 2.00 g aliquot of homogenized sample. Enzymatic hydrolysis of conjugated metabolites was carried out at 37°C for 12 h. After hydrolysis, the mixture was shaken horizontally for 15 min and then centrifuged (5000 rpm, 10 min). Add 4 mL of the supernatant to 5 mL of perchloric acid (0.1 M) and mix well, then adjust the pH to 1 with perchloric acid. After centrifuging (5000 rpm, 10 min) the mixture transfer all the supernatant (about 10 mL) to a 50 mL centrifuge drum and adjust the pH to 11 with sodium hydroxide solution. Add 10 mL of saturated sodium chloride solution, 6 mL of isopropanol and 4 mL of ethyl acetate, mix well and centrifuge (5000 rpm, 10 min).
All organic phases were transferred and dried in a TurvoVap (Zymark) under a nitrogen stream at 40°C water bath. After a conditioning step with 5 mL of sodium acetate buffer (0.2 M, pH 5.2), the mixture was applied to the Oasis MCX-small SPE cartridges placed on a vacuum manifold device (waters). Subsequently, the cartridge was washed with 2 mL water, 2 mL Aqueous formic acid (2%) and 2 mL methanol and dried with strong vacuum for 5 min. Finally, the last washing step was performed with 2 mL methanol and elution was carried out with 4 mL formic acid/methanol with 5% of ammonia. The eluate was evaporated to dryness with nitrogen at 40°C water bath. The residue was dissolved in 200 μL of mobile phase and a 20 μL aliquot was injected in the LC-MS/MS system.
LC-MS/MS analysis
Instrumental analysis was performed using an UltiMate 3000 HPLC system with a TSQ Quantis tandem quadrupole mass spectrometer (Thermo Fisher Scientific, Massachusetts, USA). An X-SELECT C18 column (2.1 mm × 150 mm, 3.5 μm; Waters, Dublin, Ireland) was used for separation. The mobile phase consisted of 0.1% formic acid in water (A) and 0.1% formic acid in acetonitrile (B). Chromatographic separation was performed in gradient mode: 0-2 min, 0.2 mL/min 4% B; 3-8 min, 0.2 mL/min increase to 80% B; 9-21 min, 0.2 mL/min linear decrease to 23% B; 22-24 min, 0.2 mL/min increase to 95% B; 25-25.5 min, 0.2 mL/min decrease to 4% B. The column temperature was maintained at 30°C, and the flow rate was set to 0.2 mL/min. The MS instrument was operated in the electrospray ionization (ESI) mode with positive using multiple reaction monitoring (MRM). The precursor ion, two product ions, collision energy, and cone voltage for each target compound are listed in Table 1 . LC-MS/MS chromatogram at MRL concentration for three β-agonists was presented in Figure S1 . The capillary voltages were ESI positive (3 kV), and the capillary temperature was set at 350°C. The source and desolvation temperatures were set at 120°C and 400°C, respectively. The cone and desolvation gas (nitrogen) flow rates were 50 and 650 L/h, respectively. The collision gas (argon) was maintained at a pressure of 3 × 10 −3 mbar in the collision cell. The signal acquisition was performed by multiple reaction monitoring mode (MRM) with eight transitions.
Method evaluation
The validation procedure was performed taking into consideration the requirements outlined in the CODEX guidelines (CAC/GL 16 and 71) [32, 33] to evaluate the performance of the analytical method. The validation of the level of each β-agonists substance was performed based on the Chinese MRLs in foodstuff of animal origin. Matrix-match calibration curves were constructed using blank meat samples spiked with standard solutions. Representative matrices, namely ribs, loin, and internal organs of pigs, cattle, and sheep have previously been shown to be free of target analytes. All ribs, loin, and internal organs samples were screened based on ribs, loin, and internal organs of pigs, cattle and sheep calibration curves. The precision and accuracy were expressed as recoveries and coefficient variations (CVs). Recovery experiments were performed by incorporating five concentrations of internal standards (0.0, 0.5, 1.0, 2.0 and 5.0 ppb) in blank meat samples, using five replicate samples on one day for each concentration level. [34] The concentration levels with the signal-to-noise (S/N > 2.5) were defined as lower limit of quantification (LLOD) and S/N > 9 were defined as lower limit of quantification (LLOQ). The LLOQ and higher limit of quantification (HLOQ) were assessed on the basis of quadruple determinations of meat samples ranging from 0.3 to 30 ng/mL and 5-500 ng/mL. 
Statistical analysis
Data arrangement, descriptive statistical analysis (geometric mean, mean, and range) and chi-square test were performed using the GraphPad prism 7 (GraphPad Software, California, USA).
Results and discussion
Analytical performance
The concentrations of three β-agonists contained in foodstuff of animal origin were determined using LC-MS/MS. Table S2 provides the matrix calibration curves for each part of the pig, cattle, and sheep. Table 2 summarizes target analytes, LLOQ, recoveries, and CVs in pigs, cattle, and sheep. The LLOQ was calculated based on a minimal acceptable S/N ratio that was sufficiently low to detect veterinary drugs at levels close to their MRLs. Linearities, expressed as the square of the correlation coefficients, were greater than 0.98. The average recoveries of veterinary drugs were in the range of 54-114% with CVs of 3-15%, indicating that the accuracy and precision were favorable and met the requirements for such analysis. Recovery experiment results for certain compounds (Clenbuterol, Ractopamine, and Salbutamol) were satisfactory according to the CODEX guidelines as they were higher than the 90% recovery criteria. Therefore, they were acceptable for a study aimed at detecting β-agonists residues. This screening method has the higher sensitivity comparing with the previous methods using liquid chromatography analysis to determine β-agonists residues in meat products. [35, 36] Occurrence of β-agonists residues in meat products
The occurrence patterns of β-agonists in meat products from pigs, cattle, and sheep are shown in Table 3 . All three β-agonists were detected. The total detection rate of β-agonists in meat samples was 11.36% (91 of 801 samples). Clenbuterol were detected in the most (51 samples at 6.37%), followed by Ractopamine (21 samples at 2.62%), Salbutamol (19 samples at 2.37%). As a result, there are still cases of illegal addition of β-agonists to animal feed in Jilin Province, China. Despite the zero-tolerance policy of β-agonists residues in meat products between China and the European Union, illegally used β-agonists are still present in animal feed in many countries. [37] [38] [39] The numbers of detected β-agonists are shown according to meat type in Figure 1 . The detection frequency of pigs, cattle, and lamb was significantly different (p < .05). The detection rate in pork was 24.72% (66/267), which was higher than that (5.99%, 16/267) in beef and (3.37%, 9/267) in lamb. Among all the samples (Figure 2 .), Pork loin had the highest proportion (29.67%), followed by pork ribs (26%). Clenbuterol was the most commonly detected β-agonists in meat products. However, clenbuterol was less frequently detected in lamb than in beef, and it was not detected in lamb samples. In contrast, salbutamol was detected more frequently in lamb than in beef. In this study, only one β-agonists was detected per sample. However, three β-agonists were detected in pork and beef. This situation may be due to different medication habits of different farms. In addition, βagonists have different metabolic velocities in different animals, and there are differences in the residual state of tissues and organs in various parts of the body. [40, 41] Although the use of β-agonists can promote animal growth, irrational use of drugs can also cause damage to animals. [40, 42] When using a β-agonists, the drug metabolism is significantly easier to master than using multiple βagonists at the same time, and the withdrawal time is also easy to control, which helps to keep the βagonists' residues in a safe range.
Meat samples were collected from nine cities in Jilin Province, Northeast China. There were no significant differences of detection rate among sampling sites (p > .05). Thus, these results indicated that meat products were evenly distributed in wholesale and retail markets due to the process of transporting meat to market through intermediaries and auctions. Most meat products were mixed (6) 90 (8) 96 (2) 93 (2) 92 (7) 103 (8) Ractopamine 0.5 97 (7) 94 (1) 98 (11) 92 (8) 95 (1) 91 (7) 102 (2) 97 (9) 92 (11) Salbutamol 0.3
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90 (5) 90 (7) 98 (6) 99 (4) 99 (5) 99 (7) 98 (9) 94 ( according to auction procedures and intermediary levels. Additional investigations are needed to monitor regional variance at the supply and farming stage. The Range, Geometric mean and Mean ± SD of β-agonists detection for each ribs, loin and internal organs of the pig, cattle, and lamb were shown in Tables 4-6. The mean concentrations of βagonists in total samples were the highest for Clenbuterol (0.85 μg/kg), followed by Ractopamine (0.81 μg/kg) and Salbutamol (0.61 μg/kg) being the lowest. Although ractopamine is limited to 50 μg/ kg in muscle and 150 μg/kg in liver in the United States [43] , it is prohibited in China. Ingesting foods containing β-agonists increases the public's health risks, especially for athletes, which can lead to positive stimulant testing. [44] [45] [46] 
Limitation of study
Our study had some limitations. First, sampling time difference at the retail market may have affected the residue level of the β-agonists during the monitoring study. We evaluated the residues of β-agonists in meat samples at the retail distribution stage; however, the β-agonists concentration varies by storage period and conditions in the surroundings. Then, all samples were collected from June to July of each study year, which means that we could not account for Table 6 . seasonal factors affecting the residue concentration in meat samples. Indeed, our results may underestimate the actual β-agonists concentrations during summer because β-agonists are actively metabolized in meat tissue at higher temperatures. In general, most drugs are absorbed and excreted faster in warm water. Thus, temperature appears to be an important factor affecting the reported dietary effects of drug disposition. [47] To identify definitive trends with statistically significant results by monitoring, further studies are required, taking into account various meat species-specific factors such as use pattern and amount of β-agonists as well as withdrawal period.
Conclusion
This is the first representative study monitoring β-agonists concentrations in Jilin Province, Northeast China. Clenbuterol (6.37%) was major substances found in meat products from Jilin Province markets. Three β-agonist (clenbuterol, salbutamol, and ractopamine) residues are detected but at very low levels. Due to the β-agonists levels were higher for pork than for beef and lamb, it is recommended that intensive national inspections are needed to be strictly enforced in maintain βagonists residues remain within safe levels for human consumption. The results of this study can be used to provide a status of β-agonists addition and to assess human exposure to β-agonists in food products.
